Abstract Peat is a naturally occurring material that is high in organic matter, extremely soft, has a high moisture content, and exists in an unconsolidated state. Due to its high compressibility and low shear strength, peaty soils are geotechnically problematic. One of the most common methods for improving these soils is the dry mixing method. Important characteristics of peat are the presence of carbon dioxide (CO 2 ), nitrogen (N), and acidic or alkaline media, with a high ground water level. This paper presents the results of a study of the effects of peat characteristics on cementation and pozzolanic reactions over time when treating peats with cement and slag. The mechanical properties of the samples, cured for up to 180 days, were determined by performing an unconfined compressive strength test. Scanning electron microscopy was also carried out for selected samples to study the micro-structural changes taking place. It was observed that CO 2 dissolved in peat water caused an increase in the depth of carbonation by decomposition of calcium-silicate-hydrate (C-S-H) gel to form calcite (CaCO 3 ). The presence of increasing amounts of N had no tangible effect on cementation or pozzolanic reactions in the treated peats. Acidic media had a negative effect on cementation and pozzolanic reactions, whereas alkaline media improved the strength of the treated peats due to higher production of C-S-H gel. The strength of treated fibrous peat in water containing dissolved CO 2 , and also in acidic media, was lower than that of the other peats due to its physico-chemical characteristics.
Introduction
Tropical peats form extremely soft, wet, unconsolidated deposits. Peaty soils are geotechnically problematic due to their high compressibility and low shear strength. Peaty soils have more than 75% organic content [1, 2] . von Post [3] defined ten degrees of humification (H 1 − H 10 ) for peat classification based on the botanical composition, degree of humification, and the color of peat water after squeezing. According to the American Society for Testing and Materials (ASTM) standard [1] peat classification has been narrowed to only three classes: (i) fibric (fibrous; least decomposed with more than 67% fiber content), (ii) hemic (semi-fibrous; intermediate degree of decomposition), and (iii) sapric (amorphous; most decomposed with less than 33% fiber content) [4] .
Fibrous peat has high organic and fiber contents, with a low degree of humification (Fig. 1a) . It consists of undecomposed fibrous organic materials, is easily identifiable and extremely acidic. Sapric peat (Fig. 1b) contains highly decomposed materials. The original plant fibers have mostly disappeared and the waterholding capacity is generally less than that of either fibrous or hemic peat. It is generally very dark grey to black in color and is quite stable in its physical properties. Compared with fibrous peat deposits, sapric peat deposits have lower void ratios and display lower permeability, lower compressibility, a lower friction angle, and a higher coefficient of earth pressure at rest [5] . The behavior of hemic peat, in terms of compressibility, shear strength and permeability, can be said to be intermediate between fibrous and sapric peats (Fig. 1c) .
An important characteristic of peats is their high cation exchange capacity (CEC), which is defined as the degree to which a soil can adsorb and exchange cations or the quantity of negative charges in soil existing on the surfaces of clay and organic matter. CEC is highly dependent upon soil texture and organic content. The CEC range of soils with a high fibrous content is less than the CEC range of soils with a low fibrous content. It is often reported in units of milliequivalents per 100 g of solid (meq/100 g).
Other important characteristics of peats are the presence of carbon dioxide (CO 2 ), nitrogen (N), and an acidic environment with a high ground water level [6, 7, 2, 8] . The decomposition of peat is a complicated process in which the leaf litter (providing the main input of organic matter to the soil) is physically broken down by the larger soil fauna, including earthworms and termites. Microorganisms (bacteria and some fungi) can start their decomposition activities while the leaf is still on the plant. These microbial processes diversify and intensify once the leaf reaches the soil. CO 2 is produced by aerobic and anaerobic decomposition above and under the water table, which causes loss of organic matter, and an altered physical structure and chemical state [7, 8] . Glenn et al. [9] found the CO 2 production rates of aerobic laboratory incubations to be 0.2-1.4 mg CO 2 g −1 day −1 (0.14-0.98 ppm/min), an average of five times more than the rate under anaerobic conditions. The N content of peat that develops from reeds, sedges, and trees is rather high at around 0.3-5% for oven
